. Na2HPO4 (8 g), 3 g of KH2PO4, and 4.5 ml of 38% HCI were dissolved in 800 ml of water. The resulting solution at pH 5.0 was extracted three times with 50-ml amounts of 1% 8-hydroxyquinoline and chloroform. The pH was then adjusted to 7.2 with trace element-free NH40H prepared from NH3, and the extraction was repeated. Residual 8-hydroxyquinoline was extracted with chloroform, and any remaining chloroform was boiled off. MgSO4, CaCl2, and NaHCO3 were made up in concentrated stock solutions and extracted in a similar fashion. The described method did not assure the quantitative removal of molybdenum. Therefore, in some experiments designed specifically to test a possible molybdenum requirement, solutions were rendered deficient by coprecipitating molybdenum with copper sulfite (Hewitt, 1952) prior to the extraction with 8-hydroxyquinoline and chloroform. The organic substrates, succinic and fumaric acids, were extracted with 8-hydroxyquinoline and chloroform at pH 5 and 7.2 after partial and complete neutralization with KHCO3 solution previously extracted with 8-hydroxyquinoline and chloroform. The volatile acetic and butyric acids were redistilled twice and neutralized with 1015
Two facultatively chemolithotrophic strains of Hydrogenomonas, Hi and H16, isolated and characterized as described in an earlier paper (Bartha, 1962) , showed a definite requirement for trace elements that was satisfied by the addition of ferrous ammonium citrate and Hoagland's trace element solution (Bergmann, 1958) . Since biochemical abilities are sometimes associated with specific trace elements (e.g., nitrogen-fixation with molybdenum) and the specific requirements of hydrogen bacteria had not been reported, it was decided to identify and compare the trace elements essential for growth of Hydrogenomonas under chemolithotrophic and heterotrophic conditions.
MATERIALS AND METHODS
A mineral medium consisting of 0.4% Na2HP04 0.15% KH2PO4 , 0.1% NH4Cl, 0.02% MgS04-7H20. 0.01% CaCl2, and 0.05% NaHCO3 was rendered 1 Presented in part at the 64th Annual Meeting of the American Society for Microbiology, [3] [4] [5] [6] [7] May 1964, Washington, D.C.
2 Present address: Department of Agricultural Microbiology, Rutgers, The State University, New Brunswick, N.J. deficient in heavy metals by a method based on the data of Gentry and Sherrington (1950) . Na2HPO4 (8 g), 3 g of KH2PO4, and 4.5 ml of 38% HCI were dissolved in 800 ml of water. The resulting solution at pH 5.0 was extracted three times with 50-ml amounts of 1% 8-hydroxyquinoline and chloroform. The pH was then adjusted to 7.2 with trace element-free NH40H prepared from NH3, and the extraction was repeated. Residual 8-hydroxyquinoline was extracted with chloroform, and any remaining chloroform was boiled off. MgSO4, CaCl2, and NaHCO3 were made up in concentrated stock solutions and extracted in a similar fashion. The described method did not assure the quantitative removal of molybdenum. Therefore, in some experiments designed specifically to test a possible molybdenum requirement, solutions were rendered deficient by coprecipitating molybdenum with copper sulfite (Hewitt, 1952) prior to the extraction with 8-hydroxyquinoline and chloroform. The organic substrates, succinic and fumaric acids, were extracted with 8-hydroxyquinoline and chloroform at pH 5 and 7.2 after partial and complete neutralization with KHCO3 solution previously extracted with 8-hydroxyquinoline and chloroform. The volatile acetic and butyric acids were redistilled twice and neutralized with 1015 BARTHA AND ORDAL KHCO3 which had been extracted with 8-hydroxyquinoline and chloroform. The organic substrates were added to the mineral medium at a final concentration of 0.2%, and trace elements were added in the form of analytical-grade reagents without further purification. In all experiments, glassdistilled water and acid-cleaned Pyrex glassware were employed.
Cells were cultivated chemolithotrophically in test tubes, the lower ends of which were blown into bulbs each with a volume of about 25 cc. Each tube contained 10 ml of medium and was stoppered with foam rubber, cleaned previously with ethylenediaminetetraacetic acid (EDTA). The tubes were placed in anaerobic jars with an atmosphere of 70% H2, 20% 02 , and 10% C02, and the jars were incubated on a reciprocating shaker at 30 C for 3 days. Cells were cultivated heterotrophically in unmodified test tubes containing 5 ml of medium. These tubes were incubated in an inclined position on a shaker at 30 C for 24 hr.
Growth was measured as milligrams of protein per milliliter of cell suspension (Layne, 1957) .
The actual iron content of the hygroscopic FeCl3 was determined by the method of Diehl and Smith (1960 1 X 10-6 0.66 1 X 10-6 1.02 1.5 X 10-6 0.78 1.5 X 10-6 1.27 2 X 10-6 0.77 4 X 10-6 0.76 2.5 X 10-6 1.28 * Heterotrophic growth on 0.2% succinate.
t All cuiltures provided with optimal (3 X 10-7 M) NiC12. (Fig. 1) (Table 3) .
DISC'USSION
The exleriments described hlere cleaily establishi a specific nickel re(luirement foI the chemolithotomphic growth of HIydrogenomtionas. Although the role of nickel has not been identified, various V()L. 89, 1965 (Hellerman and Perkins, 1935; Edelbacher and Zeller, 1936; Hellerman and Stock, 1938; Stock, Perkins, and Hellerman, 1938; Mohamed and Greenberg, 1945) ; 3-keto acid decarboxylase (Speck, 1948; Kornberg, Ochoa, and Mehler, 1948) ; phosphomonoesterase (Neumann, 1949) ; phosphoprotein phosphatase (Paigen, 1958) ; uridine diphosphoglucose phosphorylase (Turner and Turner, 1958) ; enolase (Wold and Ballon, 1957) ; and carboxvpeptidase (Coleman and Valle, 1960) . In some of these enzymes, nickel and other bivalent metal activators appear to be strongly associated with the enzyme protein and may possibly take part in the catalyzed reactions. In other cases, the metal ions seem to orient the enzyme-substrate complexes, or to maintain the active configuration of the enzymes. Warren, Wacker, and Valle (1959) reported the presence of higher concentrations of nickel and other metals in ribonucleic acid than in other cellular components, and they suggested that those metals may maintain the structure of nucleic acid polymers , Hirsch (1963) , Hirsch, Georgiev, and Schlegel (1963) 
